Supplementary Methods

Serum analyses
Whole blood was harvested from aorta abdominalis, using heparin (30 mg/ml) as anticoagulant. Blood samples were put on ice for 1 h followed by centrifugation at 4500 rpm for 30 min at 4 °C. Supernatants were harvested as serum and were stored at -80 °C for further biochemistry analyses. Serum levels of N-terminal propeptide of type 1 procollagen (P1NP) (IDS), collagen type 1 cross-linked C-telopeptide (CTX-1) (IDS), calcium and phosphate were measured.
Amino acid and collagen cross-link analyses
Tibiae (excluding bone marrow) or cultured calvarial pre-osteoblasts were harvested and pulverized to fine powder under liquid N2 using a Spex Freezer Mill (Spex Metuchen). The sample was subjected to amino acid analysis on a Varian high performance liquid chromatography system (Prostar 240/310, Varian, Walnut Creek) 1 . Hydroxyproline (Hyp) was measured, and the collagen composition was calculated and expressed as a percentage of total protein. The extent of lysine hydroxylation (Hyl) of collagen was calculated as the Hyl residues per 300 residues of Hyp and expressed as moles/mole of collagen (mol/mol of collagen) 2 .
To analyze collagen cross-link, the bone samples were demineralized with 0.5 M EDTA and 0.05 M Tris-HCl (pH 7.4) for 2 weeks, reduced with standardized NaB 3 H4 3 , and hydrolyzed with 6N HCl. The culture samples were washed with cold phosphate buffered saline and distilled water, lyophilized, reduced and hydrolyzed in the same manner. The hydrolysates with known amounts of Hyp were analyzed for cross-links on a Varian HPLC system linked to an on-line fluorescence flow monitor (FP-1520, Jasco) and a liquid scintillation flow monitor (500TR series, Packard Instrument, Meriden). The cross-link precursor aldehydes and the major divalent reducible cross-links were analyzed as their reduced forms, i.e. dihydroxynorleucine (DHNL), dihydroxylysinonorleucine (DHLNL) and hydroxylysinonorleucine (HLNL), respectively. The non-reducible cross-links, pyridinoline (Pyr) and deoxypyridinoline (d-Pyr), were also analyzed, as previously reported 4 . All cross-links were quantified as mol/mol of collagen. Supplementary Table S1 . Bmpr1b homozygous mutant mice and controls were born with a normal Mendelian ratio. Supplementary Figure S13 . The uncropped films of Western Blot results in Fig. 3, Fig. 5 and Fig. 6 . For all the experiments, detections of P-Smad1/5/9 and GAPDH were performed on the same membrane. The membrane was firstly detected for P-Smad1/5/9, and then probed for GAPDH. The exposure times for P-Smad1/5/9 and GAPDH were different. Detections of P-ERK1/2, ERK1/2, P-P38 and P38 were performed on different membranes, due to the similar molecular weight. The samples were derived from the same experiment and the gels/blots were processed in parallel.
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